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ABSTRACT 


Development  of  the  long-period  triaxial  aeiamometer  and  laboratory  teating  of 
iti  characteriatlca  ia  eaaentially  complete,  Manufacturing  changes  in  the 
maul) -lock  And  period-adjuet  maehanlema  are  required  before  they  tan  be 
aaaemblod  on  the  aeiamometer  for  laboratory  and  field  teatc  of  the  inatrument, 
Shake-table  frequency  reaponan,  the  effect  of  temperature  changna  on  maae 
poeition,  and  the  effect  of  inatrumant  tilt  on  the  ma»a  poaition  and  free  period 
are  reported, 
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LONG -PERIOD  SEISMOGRAPH  DEVE  LOPM  EN  i 


1,  INTRODUCTION 


Thin  report  describes  the  work  performed  by  Geotech,  A  Teledyuv  Company, 
in  accordance  with  the  Statement  of  Work  to  be  Done  In  AFT  AC  Project 
Authorisation  No,  VELA  T/6706,  dated  li  March  1966,  The  project  in  under 
the  technical  direction  of  the  Air  Force  Technical  Application*  Center  (AFTAC  ) 
and  the  overall  direction  of  the  Advanced  Research  Project*  Agency  (AltPA), 

The  report  discusses  the  progress  made  on  the  development  of  a  long-period 
(LP)  triaxlal  seismograph  during  the  time  period  i  April  to  SO  June  1967  and 
deal*  mainly  with  design  concept*,  instrumunt  lent*,  handling  equipment,  and 
the  schedule  far  future  field  evaluation  of  'he  ) nutrumentation, 


2,  DEVELOPMENT  OF  A  LONG-PERIOD  TRIAXIAL 
BOREHOLE  SEISMOMETER,  TASK  lb 


2,  1  GENERAL 

Development  of  the  experimental  LP  triaxlal  seismometer  is  essentially  com¬ 
plete,  Some  minor  manufacturing  changes  are  required  before  the  improved 
mass-lock  and  period-adjust  mechanisms  can  bo  assembled,  After  these 
changes  are  incorporated,  it  will  be  possible  to  begin  laboratory  and  field  tests 
of  a  completely  assembled  moelule  as  part  of  an  LP  seismograph, 


2,  2  STATUS  OF  THE  DEVELOPMENT 

Figure  1  shows  ons  module  of  the  triaxlal  seismometer  at  a  time  during  its 
assembly  which  corresponds  to  the  end  of  this  reporting  period,  The  module 
has  a  fully  operational  sensitive  element  and  is  shown,  without  its  Rsndolite 
case,  as  it  was  being  prepared  for  lowering  into  a  50  ft  deep  test  hole  at 
Oeotech's,  Garland,  Texas,  plant,  The  module  is  not  fitted  with  the  complete 
mass-locking  mechanism  because  finished  parts  were  unavailable,  The  com¬ 
plete  triaxlal  seismometer  has  three  seismometer  modules,  two  holelocks, 
and  a  switch  unit,  Adapter  rings  are  used  to  connect  these  units  together  in  a 
stack,  The  overall  design  of  the  system  permits  a  single  module  to  be  operated 
independently  of  the  others, 
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2 ,  2,  I  Remote  Lrvellng 


A  motor-driven  two  nxln  till  table  In  used  tu  automatically  wfprt  cmli  neunltlve 
element  to  the  vertical  po  *  I  lion .  Ililw  table  la  pul  riled  out  In  figure  I  and  ban 
been  described  in  earlier  quarterly  reports, 


The  tilt  table  automatically  level*  In  both  the  (  ronn-axln  and  the  nenwl  ti ve-axl  w 
pi, men  under  control  of  level  nennorn,  When  the  module  leveling  rlreutt  In 
electrically  activated,  and  If  the  module  In  not  already  at  vertical  reference, 
the  tilt  table  motorn  automatically  operate  until  the  nennltlve  element  approachen 
the  vertical  reference  In  both  the  cronn  and  nennltl  v«-*xl  a  planen, 

The  cronn  nxln  laveln  to  within  7  arc  minutes  under  control  of  gravity  sunning 
mercury  nwltchen,  The  nennltlve  nxln  imint  be  leveled  to  a  much  higher  pro- 
cinion  than  that  which  (an  bo  obtained  from  the  mercury  nwltchen,  Since  the 
ultimate  purpone  of  the  leveling  operation  In  to  erect  the  nennltlve  element  to 
Itn  operating  ponltlon  with  the  mann  floating  between  the  mnnn  ntopn,  the  mass- 
ponttion  monitor  can  be  uned  to  make  the  nennltlve  element  the  level  sensor  In 
the  ncnntttve-nxln  plane.  Leveling  In  the  sensitive-nxl n  plane  in,  therefore, 
accomplished  by  feeding  the  output  of  the  mass -position  monitor  bridge  circuit 
into  a  nennltlve  polarised  relay,  When  the  bridge  in  unbalanced  (mann  located 
more  than  3  mm  off  center)  itn  output  opera  ten  the  relay  to  control  the  direction 
of  rotation  of  the  nennltlve  axis  tilt  table  motor,  The  annembly  In  denigned  to 
position  the  mann  on  the  aide  of  center  opposite  that:  Indicated  by  the  rrmns- 
ponJtion  monitor,  Therefore,  the  sensitive-axis  tilt  table  will  "hunt"  and  the 
mann  will  continue  to  oscillate  from  ntop  to  ntop  until  power  to  the  tilt  table 
motorn  in  turned  off,  The  table  In  then  level  to  within  IS  arc  necondn  In  the 
*en*itlve-*xin  plane  and  the  man*  can  he  centered  by  an  auxiliary  man*  adjunt- 
ment  (section  2,  2,  2). 

2,  2,  2  Mann  Ponltlon 


Each  neiimometer  module  in  equipped  with  a  device  (nee  figure  2)  to  remotely 
center  the  Inertial  mann  between  Itn  limit  ntopn,  The  device,  which  connlntn 
of  a  motor -positioned  auxiliary  mann,  in  located  on  the  main  mann  annembly 
an  nhown  in  figure  1,  The  auxiliary  mann  weigh*  0.  SS  kg  (1,2  lb)  and  in 
translated  in  the  plane  formed  by  the  axen  of  the  two  quart?,  boomn.  Translation 
of  the  auxiliary  mass  nhiftn  the  center  of  gravity  of  the  !0  kg  (22,  OS  lb)  inertial 
mann,  The  auxiliary  mann  hae  a  total  travel  of  7  mm  and  in  limited  at  each 
extreme  by  Mtcrenwitehen  which  Interrupt  the  mann-ponltlon  motor  circuit, 

The  auxiliary  mann  move*  at  approximately  0,  2  mm/ nee  and  thun  cover*  It* 
entire  range  in  about  30  nee,  Auxiliary  man*  movement,  toward  or  away  from 
the  triflexure  axi*  (*ee  lection  2,  2,  J),  lengthen*  or  nhorten*  the  inertial  mas* 
moment  armi  therefore,  the  resultant  torque  which  nupport*  the  man  in 
either  decreased  or  lncrea*ed  and  the  ma*»  poeition  is  altered  accordingly, 

The  device  ha*  been  completely  tested  in  the  laboratory  and  will  center  the  man* 
under  all  operating  condition*  after  the  seismometer  module  ha*  been  leveled 
a*  described  in  section  2,  2,  1. 


■mrnmmmmmmmmmmmm. 
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Hpt  2,  Mm  poiltlonlni  dovin  lot  em  moduli  ol  lh«  LP  trlixlol  Miiifiuittolw 
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f  i  l,  S  Period  Adjust 


The  remotely  operated  clod -mcI ju h t  mechanism,  shown  in  ilgiirc  t,  m 
mounted  on  the  Instrument  am  ItluNt rated  In  figure  I,  Thn  unit  l*  a  motor- 
d  r  i  van  device  In  which  a  ton  o  In  applied  to  ihw  adjustable  Up  uf  the  inflexwre 
assembly,  The  trlfiexure,  which  In  the  main  pivot  of  l h «i  spring-mass  system, 
In  designed  to  provide  a  small  positive  restoring  force  to  the  spring  system 
(consl  »lng  of  thn  trlfiexure  pivot,  three  t rossflexures  or  hendlx  pivots,  and 
thn  helical  coll  spring),  A  tensile  force  on  the  adjustable  lip  of  the  trlfiexure 
decreases  the  Internal  loading  of  the  trlfiexure  and  thereby  increases  the 
positive  restoring  force  of  the  spring  system.  An  Increase  in  the  overall 
restoring  force  shortens  the  module  free  period,  The  trlfiexure  can  be 
operated  with  compression  forces  on  the  adjustable  lip,  thus  producing  nega¬ 
tive  restoring  forces,  Inst  for  the  purpose*  of  the  present  design,  only  positive 
restoring  forces  are  desired. 

The  seismometer  module  free  period  In  adjustable  from  10  to  <1^  seconds  and 
the  range  can  be  covered  in  about  1  ft  minutes  of  period-adjust  motor  operation. 
The  remote  change  of  module  free  period  Is  not  a  linear  tune  function  since 
It  Is  accomplished  by  changing  th«  system  restoring  force,  System  restoring 
forces  at  the  short  periods  are  naturally  greater  and,  therefore,  require 
larger  loads  on  the  triflexure  adjustable  lip,  Laboratory  tests  show  that  about 
10  seconds  of  period-adjust  motor  operation  are  required  to  change  the  module 
free  period  from  2S  to  24  seconds  while  about  i,  5  minutes  are  required  to 
change  from  ii  to  10  seconds.  After  minor  modification*  to  reduce  linkage 
inefficiencies,  successful  tests  of  one  period-adjust  mechanism  were  concluded, 
Construction  of  the  two  remaining  mechanisms  has  been  started  with  completion 
expected  early  in  July  1967, 

2,  2,  4  Maes  Lock 


Difficulties  encountered  during  assembly  of  the  first  mass-locking  mechanism 
indicated  that  some  redesign  would  be  required  if  acceptable  reliability  was  to 
be  obtained,  The  basic  design  concept  has  not  been  changed)  the  10  kg  mass 
is  rigidly  blocked  and  keyed  to  a  pair  of  Instrument  stanchionsi  the  Instrument 
frame  and  magnet  assembly  is  blocked  with  eccentric  levers  to  a  second  pair 
of  stanchionsi  and  the  quarts  booms  are  shifted  into  a  now  position  by  eccentric 
cams  that  maintain  the  operational  load  upon  the  booms  yet  spring  load  the 
triflexure  end  to  protect  against  damaging  shock  forces, 

The  redesign  of  the  mass  lock  has  been,  completed  and  has  resulted  in  sig¬ 
nificant  simplification  of  the  mechanism,  For  Instance,  a  number  of  solid 
shafts,  gears,  and  bearings  which  were  used  tc  oparato  the  various  locking 
functions  were  replaced  with  flexible  shafts.  The  mess -locking  mechanism 
is  still  a  paper  design  and  has  not  been  mocked  up  as  s  complete  assembly, 

For  this  reason  the  effectlvenecs  of  the  device  haa  not  been  evaluated  and 
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finrtl  "pacification*  will  bu  lorlhcoming,  Aflar  lust*  «t<u  rumplHed  on  ih** 
initinl  m*  **  -locking  mechanism,  two  addlllonal  unit*  will  be  fabricated,  It 
la  expected  that  all  of  lh«  locklnu  assemblies  will  lie  available  m  August  1967 


3.  PRELIMINARY  TESTING  OF  THE  LONO-PERIOD  TR1AXIAL 
130  RE  HOLE  SEISMOMETER,  TASK  k 


3,  1  GENERAL 

Laboratory  testing  of  the  LP  triaxlal  eeiamometer  |M  essentially  complete, 
Observations  and  measurement  of  ita  general  characteristics  have  continued 
lor  aevoral  week*,  The  seismometer  haa  been  operated  In  a  low-gain 
seismograph  ayiUem  during  much  of  thia  time, 


3,  2  SEISMOMETER 

A  numbir  of  specific  t«MtM  have  bean  made  on  the  experimental  seismometer, 
lh«  r«NUlt*  of  a  Mhak«-tablo  driven  seismometer  frequency  response,  the  effect 
of  temperature  changes  on  maMM  poaition,  and  the  effect  of  inatrument  tilt  on  the 
maae  poaition  and  free  period  are  reported  in  the  following  paragraph*, 

ihe  completion  and  Inatallation  of  the  maae -locking  mechanism  will  allow  the 
seismometer  i.o  be  lowered  into  a  50  ft  deep  hole  located  at  Geotach'a  Garland 
plant  for  further  operational  tests,  The  lowering  sequence  and  subsequent 
operation  of  the  seismometer  in  a  sei«mogr„ph  eyatem  will  provide  desired 
handling  experience  before  the  field  tests  ars  started, 

3.  2.  1  Frequency  Response 

Figure  4  shows  the  frequency  response  of  the  experimental  Model  26310 
seismometer,  Tests  were  run  with  the  seismometer  free  period  set  at 
23,  24  sec  and  at  16,  48  eec,  Apparently,  ar,omolou*  data  were  obtained  at 
frequencies  lower  than  the  resonant  frequency  of  the  instrument  in  that  the 
slope  of  the  response  curve  in  this  range  deviates  from  the  IS  dB/ociave 

slope  normally  expected  from  standard  rectilinear  seismometers  uninu 
velocity  transducers, 


The  difficulty  of  making  the  shake-table  test  wai  relatively  «av*re  in  the 
period  range  of  100  to  20  sec  because  of  the  high  level  of  seismic  noise  at 
Oeokch's  Garland  plant  compared  to  the  low  lave;  of  the  seismometer  output, 

i?  °rd"*  ‘T‘!T.V!  *•  •‘,n»M°-noi..  ratio  during  tho  •h„ki.»bU  » 

Krohn-HU,  Model  HOAR  bond-poai  tutor  uud  to  fttunuato  the  noiao  out- 
aide  the  band  uf  intereit,  Since  such  a  filter  could  conceivably  modify  the 
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measured  frequency  renponne  of  the  neiarriometer ,  observation*  /«  is  made  «t 
tno  uHli'fiTiP  frequencies  of  Interest  with  the  filter  both  niinitHhMl  hikI  dis¬ 
connected.,  In  thin  way,  it  wax  possible  tt»  adjust  the  pass  hand  of  t h «•  filler  for 
a  flat  frequency  response  throughout  t h *•  hand  of  Interest, 

While  It  In  possible  that  the  text  instrumentation  and/or  thu  manner  In  which  the 
tnnt  wan  conducted  led  to  the  apparently  anonioloun  results  nhown  at  the  longer 
period*  of  figure  4,  a  more  likely  explanation  appearn  to  Involve  the  geome¬ 
try  of  the  triaxlal  seismometer,  Plana  have  b  n  made  to  examine  thin  puaxi- 
hillty  an  well  an  preparation  for  additional  shake-table  train,  It  nhould  he 
recognised  that  a  vertical  nhake  table  dura  not  excite  the  mean  of  the  triaxlal 
seism  >metwr  to  the  name  amplitude  of  a  comparable  vertical  neinmometer 
under  the  name  lent  conditions,  The  mann  of  the  triaxlal  neinmometer  In  con- 
■  trained  to  move  along  a  line  Inclined  at  54°44'  to  the  vertical,  Thin  Hue  in 
the  nennllive  or  normal  axin  of  (he  neinmometer  and  only  the  component  of  mann 
motion  along  thin  axin  in  effective  in  generating  a  voltage  an  thr  coll  movr*x 
relative  to  the  magnetic  ntructure,  Thun,  for  a  given  vertical  nhake-tahle 
amplitude,  the  expected  component  of  mann  motion  in  the  triaxlal  in  0,  7 7  lenn 
(cow  54°44 ')  than  that  of  a  vertical  neinmometer,  Thin  factor  in  Important  when 
comparing  the  nhake-tahle  derived  frequency  renponne  of  the  triaxlal  to  that 
obtained  by  driving  the  mann  with  the  calibration  coil  located  on  the  54°44' 
inclined  axin, 

The  generator  conntant  (Q)  til  the  signal,  or  data  coil  can  be  determined  from 
the  ihake-tabie  frequency  response,  The  conntant  determined  in  the  vertical 
component  only  and  munt  be  divided  by  0,  577  to  provide  the  normal  G  ob¬ 
tained  In  calibration  coll  frequency  renponne  team,  The  G  determined  In  thin 
manner  from  the  T0  «  23,  25  nec  frequency  renponne  curve  of  figure  4  in 
73,  5  V  ne/m  and  that  from  the  T0  «  16,  45  nec  curve  in  86,  8  V  nec/m,  The 
06,8  V  nec/m  value  comparee  favorably  to  the  87,2  V  eec/m  ai  calculated  from 
the  coil  dlmennlonn  and  the  magnetic  flux  level,  The  variation  in  the  value  of 
G  at  the  longer  period  from  that  at  the  nhorter  In  unexplained  for  the  prevent, 

It  nhould  be  pointed  out  that  the  value  of  G  an  nhown  in  figure  4  in  from  the  experi¬ 
mental  coll,  The  final  coil  denign  will  have  a  generator  constant  of  122  V  nec/m, 

3.  2,  2  Temperature  Effects 

It  wai  reported  in  earlier  report*  that  tenting  of  the  experimental  neinmometer 
element  has  revealed  a  tendency  of  the  man  position  to  drift  with  temperature 
change.  An  temperature  ia  decraaned,  the  man  haa  been  coniiatently  obnerved 
to  riae,  Thin  effect  of  temperature  change  on  man  position  can  be  referred  to 
aa  a  "negative"  temperature  characterietic,  Early  tenti  with  the  first  engi¬ 
neering  model  neinmometer  element  have  also  shown  thin  negative  temperature 
characterietic, 

The  magnitude  of  main  drift  with  temperature  change  in  related  to  the  free 
period  of  the  seismometer,  Aa  the  free  period  in  increased,  the  amount  of  mans 
drift  for  u  given  temperature  change  increases.  The  average  man  position 
change  for  the  experimental  module  with  a  free  period  of  15,  0  seconds,  ia 
0,  1 9  mm/0?,  Although  the  magnitude  of  th*  man  drift  with  temperature  change 
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I«  related  to  the  free  period  of  ihr  *el*mumelet',  t h o  ultimate  source  of  the 
drift  dee*  not  ne(«**ariiy  originate  with  the  period -determining  imuhanlHin, 
However,  additional  effort  to  improve  mas* -position  stability  I*  planned  Mime 
the  suspension  of  the  Model  26110  seismometer  le  designed  for  i  ornplele 
temperature  t  ompenaaliun* 

To  date,  there  line  been  little  success  In  finding  the  source  of  the  negative 
temperature  characteristic,  A  careful  examination  of  the  seismometer  sus¬ 
pension  and  tilt -table  system  suggested  that  one  possible  source  might  he  the 
manner  In  which  the  sensitive  axis  lilt-table  drive  motor  was  mounted,  Changes 
in  the  design  of  the  mount  did  mt  give  the  expected  Improvement, 

Figures  *>  and  6  show  the  results  of  five  tests  which  were  run  using  a  brass,  an 
aluminum,  and  a  noncompenaated  motor  mount,  The  failure  of  the  aluminum 
motor  mount  of  test  No,  9  to  complete  the  improvement  suggested  by  the  brass 
motor  mount  of  test  Nos,  i,  2,  and  3  led  to  the  conclusion  that  mass  drift  with 
temperature  change  could  not  he  positively  attributed  to  the  sensitive  axis  tilt- 
table  motor  drive  syatom, 

Since  he  experimental  and  the  first  engineering  model  seismometer  exhibit 
approximately  the  same  negative  temperature  characteristic,  it  is  very  likely 
that  the  source  of  the  mass  drift  with  temperature  change  can  he  found,  if  the 
aign  of  the  temperature  characteristic  had  been  opposite  between  the  two  elements 
thus  far  assembled,  or  If  the  sign  is  random  among  any  of  the  elements  to  be 
assembled,  the  chances  of  finding  the  source  of  drift  and  Improving  the  tem¬ 
perature  characteristic  will  be  pour,  The  probable  source  of  the  drift  is  sus¬ 
pected  to  be  with  an  erroneously  assumed  coefficient  of  thermal  expansion  or 
thermal  modulua  of  elasticity, 

Even  though  a  null  temperature  characterlatic  la  deairable,  it  la  unlikely  to  be 
obtained  in  practice,  eipecialiy  at  the  longer  periods,  Any  mass  drift  with 
temperature  change  will  increaae  as  the  period  is  increased,  At  its  present 
state  of  development,  the  Model  26310  seismometer  can  be  easily  adjusted  to 
desired  parameters  and,  therefore,  should  be  satisfactory  with  regards  to  its 
temperature  characteristics, 

Figure  7  shows  the  history  of  a  70  h  continuous  run  of  the  experimental 
iaismometer  element  made  over  a  weekend  at  ambient  room  temperature, 

The  total  mass  drift  was  2,  7  mm  for  a  15,  2°F  change  in  temperature  with  the 
seismometer  free  period  of  15,  0  sec,  On  two  consecutive  days  of  the  run,  the 
mass  remained  within  0,  45  mm  of  its  position  through  a  4,  7°F  change  in 
temperature, 

3,2,3  Tilt  Effects 

A  series  of  tests  showing  the  variation  of  the  mass  position  and  free  period 
as  a  function  of  seismometer  tilt  in  both  the  cross-axis  and  aensitive-axis 
planes  wars  made  at  the  request  of  the  Project  Officer,  Figure  8  shows  the 
setup  used  in  the  cross-axis  tilt  taste  with  the  seismometer  mounted  on  a 
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tri-Mins"  table,  I  ill  \vn h  coni rolled  by  a  Jackscrrw  and  mini niii'cil  by 
bft i*  tilt  I  mlt  rometer,  A  more  dvli*  iiii  control  of  till  wan  required  (,ii' 
lilt  teslM  in  ihti  sensitive-axis  plsne,  The  extremely  Miunli  lilt  i'Angi<  u 
1^0  nrc  set  iimnssitatml  the  use  of  ihe  Geotech  Model  12760  (III  m bln 


«  Hint* 
I  hf 
f 


Figure#  9,  10,  and  II  mIiow  ih«  results  of  the  till  tents  in  thn  unlive  -mkIm 
|>lttrip,  The  lests  were  made  with  the  seismometer  adjusted  lu  ilif  natural 
periods  of  1 0 ,  20,  and  2^»  mu  ,  respectively,  An  additional  leal  In  liit< 
M«n«slti vn-^xi m  plana  w#n  made  in  which  the  mass  was  repositioned  In  center 
by  an  auxiliary  iiian  adjustment,  Thf  results  of  thin  u -st  aim  shown  In 
figure  12, 


A  Minnie  test  wan  made  with  the  seismometer  lilted  In  the  t  ro h ma k I n  plane, 
Ihe  ii  ee  period  was  adJiiNted  lo  20  Net:  for  this  teal  and  the  results  ace  shown 
in  figure  I  3, 


The  teat  roaulle  shown  In  figure  12  are  generally  predictable  by  considering 
the  geometry  of  the  Instrument  involved  &nd  the  change  in  forcpN  with  tilt  in 
the  sensitive-axis  plane.  The  results  shown  in  figures  9,  10,  II,  and  13  are 
only  casually  predictable  and  their  significance  requires  an  intimate  know¬ 
ledge  of  the  instrument, 


The  tilt  tests  at  the  longer  periods  show  a  lack  of  "retrace"  for  Ihe  mass 
position  and  free  period  as  tilt  was  returned  from  its  maximum  hack  to  its 
reference  or  "aero"  value,  This  lack  of  retrace  could  be  expected  (although 
its  magnitude  cannot  be  predicted)  by  considering  the  mechanical  hysteresis 
of  the  elastic  materials  and  the  deformation  of  the  seismometer  components 
resulting  from  instrument  tilt. 

In  order  to  get  an  *dea  of  the  significance  of  the  tilt-test  results,  a  search  was 
made  for  comparative  literature  of  other  long-period  seismometer  tests  either 
published  or  unpublished,  The  nearch  was  unable  to  locate  any  pertinent  data, 
Apparently,  till  tests  of  the  nature  described  above  are  not  generally  made  on 
seismometers  of  the  long-period  range  Involved,  The  fact  that  the  tests  could 
be  made  on  the  Model  2631 0  seismometer  is  encouraging  and  may  further  con¬ 
firm  the  stability  of  this  Instrument, 

Figure  13  has  a  significance  In  addition  lo  the  tilt  effects  shown,  In  Quarterly 
Report  No,  3,  it  was  reported  that  the  precision  mercury  switches  used  as 
tilt  sersurs  In  the  &  os* -axis  plane  have  a  "dead"  aone  or  a  none  in  which  tilt 
is  not  senstd.  The  » -■  null  of  this  dead  none  caunoi  the  seismometer  to  have  a 
tilt  error  In  the  cross  ^xls  plane  at  the  end  of  the  tilt  table  leveling  sequence, 
However,  since  the  mercury  switches  are  a  simple  and  reliable  means  of 
controlling  the  cross-axis  tilt  motor  they  will  be  retained  for  the  present, 
Figure  11  shows  that  the  free  period  change  as  a  function  of  cross-axis  tilt  is 
essentially  flat,  Ihui,  it  may  be  expected  that  the  free  period  will  remain 
unchanged,  for  all  practical  purposes,  as  the  seismometer  is  allowed  to 
recover  from  cross-axis  tilt  errors  under  control  of  the  mercury  switches, 
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J.  i  INSTRUMENT  CONTROLLER 

. • . . . . 

U)nn  Jellvury  of  three  momentary  rontan  „wiu  hea  Unr™  *“"»  !^ly 

wnd  aubaequent  checkout  of  thin  ..»< •  u  \  Urn  aaaembly 

h«„  b..n  mnd.  iuSimu.i  ii, mI;..!  ihl"  *""«»•''»'  .l.l.y,  plan, 

mounud  an  .ubp.ngl.,  *'  ‘  V  "l|u"  *n(l  ^ ly  nvnllnliln  .witch... 


3l  *  accessory  equipment 

L  4,  J  Hoi ti locks 

i ^xzT'rt^rir  n1' . .  wiih  «•  <"»«  

*•?  -r***"*  ^  :r:  -,u  :»Tu;-r:p,rM,oBr  r . . 

Iho  outer  ca*p  i«  for  mechanical  Drnt«min„  ,  ,,  400  1  Manure, 

holelock  employ  a  a  motor  driven  sLuinaw  haf/  "“PPO'tfinil  «rm»,  The 
two  aupporting  arma.  With  the  arma  extend  It* l°  t’KlPmJ  tt,ul  it* 

.H.  holelock  .upper,.  ,h.  S.2U!I”*^*ifrcTl«h"1 
««e  againat  (he  caaing,  H  °  *orcea  the  aelamometer  pack- 

The  atabiliKing  holelock  ia  ahown  in  figure  IS,  Thia  deuti.* 

plungera  which  engage  the  caainn  at  two  *1  Z  «xt«ndc  a  pair  of 

apart.  When  the  plungera  engage  thi  caitn.  -  /^  h°rUonU1  120° 

outer  caaa  of  the  .tabflialmi  holelock  la  forfidV!*1  0Wlry  11,100  MUched  10  lhc 

It  ha.  been  euggeited  tha  tthi.  .uni,  t  t0  Conlflict  wilh  the  ««ing. 

between  th!  .ei.mom.t.r  and^h  ca ai^  ^  ‘°  Provlde  «»- 

coupling,  0-rir.g  aeala  have  been  emploved^^n  hU“  *cveV{*bl*  •»*,th 

watertight  aaaembly  at  the  deiinn  on^i^n-n  1  ®p,nln*1  t0  Provide  a 

r  me  oeaign  operating  preeaure  of  *00  pel, 

4'  *  Cable,  and  Connector 

dw.h.:;„n.°d  rM  re;  :\rv  ?“-■  °««-. 

••‘■“"I  «  pin  conn.ctor.  w.r.  con.Td.r.d  proMblli  ‘  “**  o( 

vide.  SS  electrical  contact.,  an  anchor  fo;,5  i ?  Th°  connietor  Pro- 
and  effective  mol.tur.  e.aling  at  “Z  PT" 

•urface  t.  a  •  pa ^1  a l ly ^ « b r i c a t bl V haVVn.  4 V  hM^d  ihJ  lnBtrume"t  to  the 
pair,  of  No,  24  AWO  copperw.ld  conduct?1  Vh  ,“id  lnd  40  «n.hleldc d 
S00  lb  breaking  limit  i.  Seated  in  ?tbta  t  *triin  momb#r  wlth  * 
only.  Th.  c.bl.  ,.  « lh* 
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Fliuri  IS.  SliSllliIni  holdock  uiad  tl  lha  uppif  and  cl  lha  IP  frlmlal  lalimcinatar 


* 


Flgun  II.  Ipnlil  eonmetor  roqulfod  tor  ilietrleil  connicllon  of  Ini  LP  trlinlil  lolimeinotor  to  thi 
multieontfuetor  oiblo 
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1,  4.  S  Install* Up n  ICqu 1  pm  an  l 


Azimuthal  orientation  of  Ihn  manlai  net  nrnornatier  In  considered  of  mu  Jar 
importance,  To  provide*  thin  orientation  nt  Initial  Installation  «nd  to  permit 
further  adjuatmwnln  during  field  tmtinii,  special  InnUiintlon  devices  muni  ho 
lined,  The*r  devices  are  shown  in  figures  17  and  iH.  The  *» t i n n « r  of  Ug'ii't*  1 7 
in  also  shown  in  figure  I  attached  to  the  Instrument  package, 

The  nvershot,  shown  in  figure  17,  engages  the  stinger  for  poiilioning  the 
ieinmometer.  To  engage  the  Klinger,  the  overshot  in  lowered  until  it  makes 
contact,  It  in  then  allowed  to  rotate  countereloekwl ne  until  it  "hotlomn,  "  The 
overnhot  in  then  lifted  nlraight  up  to  lock  it  on  the  ntinger, 

To  disengage  the  ntinger,  the  overnhot  muni  he  lowered  nlightly  (about  i/4  in,  ) 
and  then  rotated  at  leant  49°  clockwise  (viewing  from  above),  It  can  then  be 
lifted  clear  of  the  stinger, 

The  overnhot  in  portioned  by  meann  of  a  ntrlng  of  10  ft  long  necllonn  of 
nnnmlenn  mechanical  nteel  tubing,  The  endn  of  the  tubing  nectlonn,  an  well 
an  the  overnhot,  am  fitted  with  keyed  Jointn  an  nhown  In  figure  IB,  The 
inntrument  in  lowered  or  rained  in  10  ft  increment!*  an  lengthn  of  luhing  are 
added  or  removed,  The  overnhot  and  the  tubing  ntrlng  are  dinengaged  from 
the  neinmometrr  after  the  inntrument  In  necurely  located  In  the  hole,  The 
tubing  ntrlns  in  completely  removed  from  the  hole  during  operation  and  munt 
be  reattached  to  the  instrument  when  relocation  or  removal  of  the  nainmomoter 

in  necennary. 

The  inntrument  in  raiind  or  lowered  by  mnann  of  a  l -ton  capacity  electric 
chain  hoint  nunpended  from  a  20  ft  tripod  centered  over  the  hole,  The  nignal 
cable  in  npoolod  In  or  out  of  the  hole  by  a  small  electrically  driven  winch  at 
the  name  rate  the  chain  hoint  lower*  or  raise*  the  seismometer, 


4,  FIELD  MEASUREMENTS  WITH  THE  LONO  - PERIOD 
TR1AX1AL  BOREHOLE  SEISMOMETER,  TASK  Id 


Field  measurement*  to  collect  and  anaiyae  long-period  data  to  determine  nignnl 
and  noine  characteristics  in  a  shallow  hols  at  the  Uinta  Basin  Seismological 
Observatory  is  sxpsctsd  to  begin  ths  first  part  of  October  1967,  This  evalua¬ 
tion  will  be  concentrated  upon  a  performance  comparison  of  the  tri&nial  nets- 
momstsr  with  ths  conventional  advanced  long-period  seismometers, 

A  schedule  for  the  completion  of  work  under  Project  VELA  T /67Q6  is  nhown 
in  figurs  19.  Ths  schsduls  rsfleets  ths  dates  for  work  on  existing  tasks  as 
well  as  ths  dates  for  proposed  work  under  Task  la. 
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APPENDIX  to  TECHNICAL  REPORT  NO,  67  •*! 


STATEMENT  OF  WORK  TO  BE  DONE 


EXHIBIT  "A" 


APTAC  Project  Author! 


tq  ,»»;  PONI 

■acTontfo,  VKU 


T/6706 


1.  Taaka  i 


• .  Bhrurlmfntal  InvcatlBation  of  ^efrcal  NpIm.  Continue  the  experi¬ 
mental  Invait lg«t  1  onTaoTin aTl^  P roj iot  Vr/0 1 2 ,  of  thermal  nolaa  com- 
ponanta  In  aalamoiraph  ayatama,  ualng  toralonal  penduluma  and  aaaeclated 
equipment  available  from  that  project,  Determine  experimentally  tha 
apectral  dlatrlbutlona  of  thermal  nolaa  in  aalamoiraph  ayatama  and  aompara 
tha  experimental  raaulta  with  theorotloal  predlotlona,  aa  thoaa  darlvad 
by  tha  National  Ruraau  of  Standard* ,  for  example,  Provide  data  and 
methoda  *er  determining  tha  ultimata  poaalbla  magnification  of  a  aeldmograph, 
Work  on  thla  taak  la  to  ba  completed  within  '  montha  of  tha  Initial  autho- 
rlaatlon  data, 


b,  PjJXJtlSJEL'HAIl*',  t  Mo <»lfy 

tha  "Melton"  long-periodtrinxial  aalamomatar  (level oped  under  Project  VT/072 
to  adapt  It  for  routine  operation  In  ahallow  (200-foot)  boraholaa.  Reduce 
tha  aalamomatar'a  dlamatar  ao  it  will  fit  inalda  atandard  13, 373"lnch  out- 
alda  dlamatar  ahallow-wall  caalng.  Davalop  and  add  a  aultabla  laval  aanaor 
and  ramotaly-controllad  laval ling  device. 


Prapara  a  caaad,  ahallow  borehole  at  a  VELA  aolamologTcnl  obaervatory  to 
ba  daalgnatad  by  tha  AFTAO  project  officer,  Aaaemble  handling  equipment 
for  lnatalllng  tha  aalamomatar,  Conduct  preliminary  taata  of  tha  modified 
inatiumant  In  tha  tear,  hole  to  determine  Ita  atablllty  and  tha  affaota  of 
temperature  and  local  tilting  aa  funotlena  of  depth,  Through  tha  uaa  of 
Improved  Inatallatlon  techniquea,  aalactlva  filtering,  daalgn  Improvement 
or  other  maana.  davalop  a  method  for  operating  tha  aalamomatar  ao  that 
magnification  In  tha  10  to  100  aao  period  band  la  limited  only  by  propa¬ 
gating  aalantle  nolaa, 


lal  ana  nolaa  charaetar- 


d ,  Plaid  Meaaurcmcnta  with  the  Lona-Pcrlod 
Collect  and  analyaa  data  to  datirmTna  lons-partlM  algnal 
iatlca  In  ahallow  boraholaa*,  to  Idantlfy  principal  long-period  aalamlc  nolaa 
oomponanta,  to  aaeartain  dapth-anvironmantal  affaota,  and  to  compare  tha 
performance  of  tha  trlaxlal  borahola  aalamomatar  with  atandard  long-period 
aalamomatcra, 


2,  Data  Raauircmantei  Provide  report  aa  epeoified  by  0D  Form  1423,  with 
Attachment  1  thereto , 


A P  33(657)-16406 


/ 


Attaohment  1  U  DD  Km  U*) 

RKpqRTf? 

AKTAU  Project  Autnorisstion  No.  VM.A  T/6706 

1,  Cicnerali  Provide  monthly,  quarterly,  (Inal,  and  special  report*  In 
aoooraance  with  sentence  1,  paragraph  1  of  Data  Stem  8-17*12,0,  AF8CM 
310-1 |  however,  If  that  data  Item  sonflleta  with  the  lnatruotlona  of 
paragraph  2  below,  the  Uttar  will  take  precedence, 

*•  Al££X£i> 


a,  Monthly  Status  Reports.  A  monthly  letter-type  status  report  In 
16  copies,  « umma  r  Ulngworkror  tho  calendar  month,  will  be  submitted  to 
AFTAC  by  the  Sth  day  of  the  following  month,  Kaoh  report  will  be  Iden¬ 
tified  by  the  data  listed  In  paragraph  2e  and  will  Include,  but  not  be 
limited  to,  the  following  subject  areasi 

(1)  Technical  Statue.  Include  accomplishments,  problema 
encountered,  future  plans,  actions  required  by  the  government,  and 
appropriate  Illustrations  and  photographs, 

(2)  Financial  Status,  The  contractor  will  follow  the  provlslone 
of  Data  Item  A-13-17,0,  AFflCM  310- 1A  (Cost  Planning  and  Appraisal  Unit), 

In  submitting  financial  data, 

For  the  last  month  of  each  report  period  covered  by  a  quarterly  progreaa 
report,  the  monthly  atatus  report  need  lnolude  only  the  financial  Informa¬ 
tion, 


b.  .fciMtti,.  Quarterly  progreaa  report* 'in  30 
copies,  summarising  work  for  3-month  periods,  will  be  submitted  to  AFTAC 
within  13  days  after  the  close  of  each  such  period,  Bach  report  will  be 
Identified  by  the  data  listed  In  paragraph  2e  and  will  lnolude  the  notice* 
listed  In  paragraph  2f,  Each  report  will  present  a  precise  and  factual 
discussion  of  the  technical  findings  and  accomplishments  for  the  ent’lre 
report  period,  using  a  format  similar  to  that  of  the  final  reports  under 
Contract  AF  33(657) -W67 ,  as  well  as  the  technical  Information  ordinarily 
required  in  the  monthly  reports, 

c.  Fini.l  Reports.  Hyi  final  report  on  Task  la  will  be  submitted  in 
SO  copies  to  AFTAC  within  60  days  after  work  nn  that  project  Is  completed j 
the  final  report  on  the  remaining  tasks  will  be  submitted  In  30  copies 
within  60  days  after  the  completion  of  all  work,  Bach  report  will  be 
identified  by  the  data  listed  In  paragraph  2a  and  will  Include  the  notices 
Hated  In  paragraph  2f,  Kaoh  report  will  present  a  complete  and  factual 
discussion  of  the  technical  findings  and  accomplishments  of  the  project 
tasks,  using  the  quarterly-report  format. 

d. 

(1)  Special  reports  of  major  events  will  be  forwarded  by  telephone, 
telegraph,  or  separate  letter  as  they  occur  and  should  be  included  in  the 


R*pR°°VlC’t'C 


O  33(657) -1*406 

* 


monthly  renort,  Speolfio  itome  are  to  lnoludo,  hut  are  not 
raatriotad  to  program  delay*,  program  breakthrougha ,  and  uh*nii**  in 
funding  requirement!, 

ti)  Bpaaial  technical  raporti  may  ba  required  for  in>t™m;;t 
evaluation! ,  projaot  raoommandatlona,  and  apeolal  utudle#  W*'*P  *|\*  lv 
moradailrabla  to  hava  thoaa  itam.  reported  eeparatcly  from  the  quarterly 
or  final  report*,  Specific  format,  oontent,  numbar  of  oopiai,  and  dua 
dataa  will  ba  furniahed  by  thia  headquartara, 
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Thla  roaoarch  was  aupported  by  (ha  Advanced  Raeaareh  Projeeta 
Agency,  Nuclear  Teat  Detection  Off  lot,  under  cha  VKLA-UNXPORM 
Program  and  waa  nccompllahod  under  the  technical  direotien  of 
11**33 APP^oll6ioni  Canter  under  oontrsal 

(2)  All  quarterly  and  final  reporta  will  include  a  eopy  of 
DD  Form  1473,  Doeument  Control  Data  -  R&D  (Reference  APR  00-29),  IfcFTAC 
will  dealgnate  the  appropriate  Availability/Umitatione  Notice  for  uaa 
on  theae  forme. 
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Qualified  requester*  may  obtain  copiee  of  thie  report  from  DDC 


_■  •R*N*»RIN*  MILITARY  ACTIVITY 


KQ  USAF (AFTAC/VELA 
Selemologlcal  Center) 


Development  of  the  long-period  trlaKial  aiiimometer  and  laboratory 
testing  of  its  characteristics  is  essentially  complete,  Manufacturing 
change*  in  the  mass -lock  and  period-adjust  mechanisms  are  required 
I  njre  they  can  be  assembled  on  the  selemcmeter  for  laboratory  and 
field  tests  of  the  instrument.  Shake-table  frequency  response,  the 
effect  of  temperature  changes  on  mass  position,  and  the  effect  of 
instrument  tilt  on  the  mass  position  and  free  period  are  reported, 
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